Key words: Dielectric constant, loss tangent, thermal, FTIR.
INTRODUCTION
Present work reports the dielectric, thermal and FTIR studies of Co 2+ : MHMH single crystal for the first time. The influence of addition of transition metal ions on the dielectric properties, like dielectric constant, loss tangent,a.c. conductivity and activation energy of these crystals was discussed. FTIR studies confirm the presence of carboxylate ions. The melting point of the sample and final product after decomposition are studied using TG/DTA.
Metal derivatives of unsaturated dicarboxylic acids constitute an abundant group of compounds that are of interest from the viewpoint of both coordination and macromolecular chemistry. The maleates are of practical importance because of their use as coatings with specific properties, efficient catalysts and are also of medicinal significance 1 . M.P. Gupta et al., 2 8 . The TG and DTA for maleic acid complexes of manganese, cobalt, nickel, copper and zinc were reported by J.R. Allan et al., 9 . The dielectric, thermal and FTIR studies on the present sample are reported for the first time. : MHMH crystal was studied using FTIR spectra recorded using Perkin Elmer FTIR spectrum one spectrophotometer in the range 450 cm -1 to 4000 cm -1 in KBr medium. In order to know the thermal behaviour of the sample, it was subjected to thermogravimetric analysis. The thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were carried out using Netzsch STA 409 C/ CD thermal analyzer at a heating rate of 10 °C/min in the nitrogen atmosphere .
MATERIAL AND METHODS
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RESULTS AND DISCUSSION
Dielectric studies
The dielectric constant of the Co 2+ : MHMH crystal was calculated by using the relation, The frequency dependence of dielectric constant å' at different temperature shows that at high frequencies the dielectric constant values are low and reaches constant value. As frequency decreases the dielectric constant value becomes more temperature sensitive. The dielectric constant is found to be 11.77 at 50 Hz and decreases to 2.18 at 1 MHz at 308K while it was 110.65 at 50 Hz and it decreases to 2.17 at 1 MHz at 383K. In the lower frequency region high value of dielectric constant can be assigned to the presence of interfacial (space charge) polarization mechanism [10] [11] and the low value at higher frequencies may be due to the loss of significance of these polarizations gradually. It was observed from the fig 2 that the loss tangent has higher values at lower frequencies and decreases with increasing frequency. The loss tangent is found to depend on temperature and frequency. The variation in the value of loss tangent is low in the frequency range 3.5 kHz -1 MHz at all temperatures. At low frequencies the dipoles can easily switch alignment with the changing field. As the frequency increases the dipoles are less able to rotate and maintain phase with the applied field, thus they reduce their contribution to the polarization field. The low loss tangent at high frequency is generally expected in the samples with good optical quality. From these results, it can be concluded that the crystal under present study possess good optical quality and defect number is very low 12 . It is observed from the fig 3 that the a. c. conductivity increases with increasing frequency according to the relation n ( ) σ ω α ω where ω is the angular frequency and the value of 'n' is frequency exponent depends on the temperature and frequency. At low frequencies a.c. conductivity was observed to be independent of the frequency. This can be assigned to the domination of percolative behaviour ) at temperatures 308K, 323K, 343K, 363K and 383K respectively at 1 kHz frequency. At high frequencies, the a.c. conductivity is almost proportional to the frequency. This is the characteristic of the intrinsic hopping conductivity. The a.c. conductivity of the sample increases with increase in temperature and the increased a.c. conductivity at high temperatures and high frequency could be due to the reduction in the space charge polarization which is in good agreement with the reported literature 14 . It is observed that the electrical conduction the sample is low at low temperature. This behaviour can be assigned to the trapping of some carriers at defect sites in the crystal. The activation energy of conduction ΔE is calculated from the slopes of the plot log (σ ac ) against 1000/T presented in fig 4. It is observed that the slopes are decreasing with increasing temperature. The activation energy is 1.39 eV for 100 Hz frequency between the temperatures 363K to 383K.
Thermal studies
The thermogravimetric analysis of the sample was carried out between 296K and 1673K in nitrogen atmosphere. The thermogram of TG/DTA of the sample is shown in fig 5. In the TG/DTA shows an endothermic peak at 411.4K which can be attributed to the melting point of the sample. The sample starts loosing water at 381.4K. The melting point of the sample was separately determined by capillary method and it was found to be 403K. It is close to the observed value which is presented in DTA (fig 4) of the sample. Heating the sample above melting point results in the formation of volatile substances CO and CO 2 and rest of water molecule. 
FTIR studies
The characteristic assignment of wavenumbers of the FTIR spectrum of cobalt doped MHMH crystal is shown in figure 6 . The assignment of stretching and bending wavenumbers of the functional groups of the present sample for investigation are presented in -1 respectively in the present sample. The bending of C-H is present at 1086 cm -1 in the present sample. The C-H out-of-plane, carboxylate anion (COO¯) and carbonyl (C=O) deformations are assigned 871, 731 and 585 cm -1 respectively.
The two carboxylate groups on each maleate anion are coordinated to the magnesium metal. According to resonance, it is important to realize that the carboxylate anion does not show the normal carbonyl and normal C-O single bond stretches in the present investigations of MHMH crystal.
CONCLUSIONS
Dielectric properties, thermal studies and FTIR analysis of Co
2+
: MHMH single crystals were reported for the first time. Dielectric properties suggest that these crystals possess enhanced optical quality with lesser defects. From the TG/DTA plot the final product of the present sample after decomposition at 1073K leaves a residue MgO. In the FTIR studies, the presence of carboxylate ion was confirmed. However, the carboxylate anion does not show the normal carbonyl and normal C-O single bond stretching in the present investigations.
